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the edjeet of this investiastion ie to 
determine the possibility of measuring quantitatively 
the vreaifusl satxeeases in metal plates by means of 
brittle leequer. [t+ ia know thet the regidual 
streases gan be determined qualitatively by use of 
the brittle Lacquer from the work of previous in- 
vestigetora, This invecticetion will concern iteslf 
with cerrelating the size of the pattern fermed in 
the leequer on the release of the residual stresees 
with the actual value of the resifual stresses in 


the metal, 


~20 
IMPORB ANCE 


There is a great need for a simple yet 
eecuratio method for determining the resléuel stresses 
in a menber without actually destroying the member or 
the strueture sontaining the member, if it were pona~ 
wible to determine the magnitude of the streaees by 
the uee of brittle lacquer, the simple and inexpensive 
methof neeted woul’ have been found. The work af 
orevious invregtigestors haa grown that the presenee 
and type of vresifiuel stressea cen be found by the 
ase of brittle lnequer, In order to be of gresteat 
ugeo, however, the quantity ef stresses present should 
be knowns he brittle laeguer could then be used as 
a method of testing a member after it has been pleced 
in a structure. 

It is known that a member containing residual 
stresses will yield uncer a omeller loné than « member 
free Trom regiduel stresses, If eaen structural men- 
ber eould be desianed es if free of residual stresses, 
the weleht of steel mecersery would be greatly reduced. 
Weturally, no strueture could be built without induc ing 
residual stresses, but the amount ef etresses eould be 
arently reduced by proper sequence of eonstruction or 
other preeautions. The membera gould be tested after 
ovection to see if they conformed to the éealgn speci- 
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The invesgticotion resolved iteelf into 
the following problem: To eerrelate the vatternes 
formed by €4rilling sm smell hele in a leequer-coated 
metel pieae ae @eserited in references "A" and 8” 
with the veluee of the residual streing found ty 
come other méthoG., It was decidet to mearure thee 
resi@ual vtreine ty placing a wire etrein gage on 
the ~etal gemnla which contained resi¢uel streaves 
amd then eutbing the cage away, The corrected 
fifferenee between the Strein Inéleator reading 
vePfore and after the euttine woult be the value 


of the rentduel strains 
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the formation of the strain patterns is 
the re@alt of drilling a hole in the metals In the 
ease of residuni tension, the relief of the atrain 
eliewn the setal te sontrest ané radiel eraecks are 
formaeé&.s Wrereas, with the velief of compressive 
ferees, the metel expands end ettemmte ta £111 the 
hole eeusiug eilreular exrncae to form eoncantrie to 
the kole, These theorsileal patterae are shown on 
PLave I, 

fhe seme thing would Hapven waen the getrain 
gagee are gut out. Relie® of tensile strains would 
eeuge the metal to contract and compressive straing, 
whem relieved, would ¢euse the metal @o expend. The 
esgee when cub away meagure 1,5° x .45"; thug the 
cifferenece in the readings of the gage is aetuelly 
{(.45 - 1,8u) x the actual recidual stirein in the 
piece. 

vines the emount of metel effected inercases 
as the square of the tistence from the hole inerenses, 
the lerigth of the erack akheult inerense ag the square 
of the pegiduel strain, Also, the larger the hols 
muge, the gréonter the quantity of strain relieved, 
She quantity of strain will vary with the élemeter 


ef the hole, Therefore, in plotting the reaulte, 
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the gsquere root of the Llensth of the ereek divited 
by the édiameter of the hole wee plotte@ agsinat 


the residual etradi ne 
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The proeedure followed in this investigetion 
wes thet recommended by the Megneflux Corveration, 
nanufagtaurers of Stresecont. Thia procefiure waa 46 
follows; 

1. Sorvey test sample with brittle insequer. 

2 brill small hole into tent piece. 

Se #Dply @ye etahent to lecquer, 

4, Tlaveatigete cattiern ef rerifual stress 
present in the test sample at the vince 
of the hole. 

In the following Investigetion 1% wee ene 
deavored to determine the eugunt of reaidual strain 
present by mensuring the alge of the vattern formed 
in the brittle leecner with the release of the residual 
strain. in oréor te ohtein « high sensitivity a leequer 
two or three sumbers above that resommentied by the 
Yaeneaflurx Serperetion wan ued. The samnles were 
(Qvie@ for 24 noure in en owen at 100 te 110 desrees F. 
in orfer to prevent crazing. 

The procefure uped to Csetermsine the actual 
resicual strain wee ee follewss: 

L, Gsment eleetric etrein gage, trove Skéa, 

es close to the hole es nrasticable, 


Sy Obtain initial strein reating. 


~Ra 
Se Gut the strain gage from the ocemple, 
& Obtein final sivain reading ané 
determine the value of the resiéual 
RtErein, 
The resulte were then plotted on Plate II, 
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HISTORY OF THE EXPER TIAMAT 


In order toe obtein high residual etraias 
wiles would be fairly unifors throughout the semple, 
it was ¢eelded to uge a heat-treatable ateel ag our 
test aamole. S42 8630 steel war selected for this 
purpose. The samples were cut from a normaliced 
strip of ateel ené menwured 10% xz 2% x 1/16% A 
santle 1/8" thiek or thicker would have deen better 
for this purpose beseuse lens distertion woulé have 
occurred when it was quenched. fhe seanples were 
soekeé for thirty minutes at 1500 degrees F, Some 
were then anenshed in wator and some in o11 te obtain 
different harfness vealnen and, therefore, éifferent 
strein values, The semplea Pere then texted for ease 
of @rilling. The water-quenched sanplea were +00 
herd to ¢€viil with either plain eerbon or high speed 
airills, but they could be @rillsé with a speelally 
treated plain earben drill, Chis treatment of the 
Grill eonaiated of heating for fifteen minutes at 
1500 4eegrees *, and quenching it inte mereury, ‘The 
above treatment protuced s very hard tut very brittle 
Qvill. The oll-quenched campoles could be drilled 
with hign apeead drills. It was éeeided to digearéd 
tne water-quanchned samples ené to eoncentrate on the 
oll-quenenhed sampise because the specially tresteé 


friile were toe brittle for continuous ase, 
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A lerge number of pieces were then heat- 

treated and soreyed. Using a nuuwaber 40 high meed 
frill, several heles ware (rilled in each aanple, 


Petterne were observed and measured in moet of the 





pieees. the best putterna were nhotoeranhed,. 
Sxemplesa of the patterns ora chown in the photo- 
erephe insluged ag part of thie thesia. 

SRh4a wire atrain asgea, type A-1, were 
placed on the pieces near the holes showing the 
patverns. Initial roadings were takon on the cages 
anf then, using shesrs, the gages were ent ont of 
the sw@aple, Again readings were tazen on the saces 
end the values of residual straina were computes. 
Comparizven of the resifuel g@eraingn with the length 
of ereexe in the brittle leequer siewed erratic 
resulta, 

After exatination of the tezt results, it 
wen deeléied that the method of gutting the gesea out 
of the pleees waa introducing oxeessive aé¢éitisnel 
gtrcin in the sempleg. Therefore, « test was earried 
eut to find the masnituce of the siraings inéueed in 
the semoles by three Cifferent metheds of cutting; 
nemely, the wheere, the power haek saw, and the hand 
heackeaw, aA fourth methot, the use of & water-gooled 
eutiing wheel, wes ¢iaeerded after eencaultetion with 


ir. Walter Keonradt, Metallurgy and Bel€ing Depertaernt, 
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Rensselaer Polytechnic Institute. He advised 
that the wheel could not be adjusted saecurately 
enough to cut closely to the strein gage and that 
the vibration from the wheel would terd to loosen 
the gage on the semple. The test for the Tirst 
three methods consisted of placing three strain 
gegesg on normalized samples and then cutting them 
away by the various methods, The shears induced 
strains to the order of 1000 micro-inches; the 
vower hacksaw 100 micro-inches; end the hand hack- 
saw 50 micro-inches. On the basis of this test, 
it was decided to use the hand hacksaw for cutting 
out the strein gages. However, it was almost im- 
possible to eut the treated steel with either the 
hend or the power hack saws. At this point, it wes 
apperent thet eutting away electric strain gages to 
find the residual strain was not satisfactory for 
use with a material such as steel or any other 
material which has high hardness accompanying the 
hich regidusl strains necesssry for this investig- 
atione 

Aluminum, which can be made to have high 
residual gtrains without high hardness, was geleeted 
for the next tests. The sanples were pieces of 
245-0 Aluminum 2" x 6" x 1/8" which were heat- 


treeved for thitty minutes at 925 degrees F. and 


«Lo 

quenchec im a0l¢e water, Twenty pleces were sprayed 
and then teated by @riliilng holes with a 8/32" érill, 
Patterns were observed on ouly two pletées. Gages 
were pleeed neser the holes where pattiorns were present 
ené gtrain readings were taken. the sages were then 
eut out of the senplea By a hand hecksew end etrein 
readings were taken agein, Seceuce of the amali 
number of patbern formations observed, if wag fe- 
eided to ¢ol’-work the next sroun of sluminun same 
plese The samples were cold-rolled with a moximun 
re@uetion of 606%. The spraying srocedure wag repeated 
en theese samples and the holes drilleé with a 3/38" 
rill, Ho patterns were observed. Gases wore plaeed 
Oh geVeral ef the soieces to find the seetual residual 
streing oresent in order to determine the threaheld 
genuitivity of the brittle lacquer method. these 
aages were out awey end the wstreins recorded. 

bownetel wae the third metal tried fer 
thia experiment. Ywenty semplea, reduced 18) by 
eolé-rollins, were worayeéd ané Grilled. in two of 
these piecea, vatterns were observed. “here were 
the firet commereseive cracks found in this investig-~ 
ation. Although the patterns were net weil enough 
fefineté te protecranh, the cracks ené the residual 
streins were seacured and recorded in the usual 


BARUS Be 
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vee to the lack of time, 1+ was Llaporsible 
to stteapt any further investigations. However, 1% 
is felt thet there is suffielent justification for 
further teste. <Aeccurete eouclusions should be ohe 


tained with an improved methed ef Tinting the actual 


resié€ual streing. 
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REQULTS 


The resilis of the tests are tebulated 
in TYeble I, ‘there are some glering inconalatencies 
in the relationship between the sige of the patierns 
ant the measured reesijuel straing. in the case of 
the ateel specimens, one gege {zave 8) showed ao 
compressive resgiéual strein, bat all of the patterns 
obeerves on the steel samnlea were tensile patterns. 
Algo, on the Dowmetel semples, whaleh showed all com 
pressive patterns, sage 24 gave a teneile reatinge 
All of the Gate obteined from the steel semples muet 
be corieidered worthleas beeruse of the unpredictable 
high aheering etresses induced as a result of the 
method used in removins the gazes from the semplet. 
There is not sufficient date from the lighter metals 
to form a definite eonclusion. 

The fintines from the aluminum end Roewmetal 
beatae ere slotted on Plate If, They chow nothing 
eonelusive inasmuch as they sre too few in number 
emt are quite dicversac?. The regitual straina 
found in the pleces in whieh no vsettern resulted 
were guite high end east some doubt on the valifity 
of the brittle conting method even as a qualitative 
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CONCLUSIONS @ LE Tevet arr a 


The regulte of these experiments with the 
brittle lesquer as a measure of residual stresses 
yielded no definite resalte an fer ez quantifative 
mnekeuremente are soneerne?d for me of the following 
reosons: Lither the brittle lacsuer method is of 
Little velves in estimeting streeses, or the method 
used to find the rerldual strainga ie not eetisfactory. 
It ig the ovinion of the exnthore that the letter rengon 
is the ehie? cause of the indefinite results obtained. 
However, inebility of the lmequer to show strain 
petternea on the greatly reduce eluninum samples has 
led the mathore te leek upon the brittle isequer 
method with eaution even ag e qualitetive inédieator 
of residual strains, In the use of the electric 
gstrein gegen there is siways the uncertainty as te 
the magnitude of the streing induese? by eutting away 
the sactese For this roeson, it ia felt that some other 
method of fin¢cing the resifnual atreins ahould be en-= 
cloyed before a f@efinite gecizsion ern be renched as 
to the value of the orittle Leequer nethod for quan- 
Sltnbive measurement of regifiual streinge 

There are two other proceedures whieh eould 


be used to mesneure the resifwsal etreinsa, Gme method 


o Zi@ 
ig the use of Aepay tecliniques and the other method 
is the use of Ailgh temoerature strein gageu., The 
first method is outlined in reference "4", Sinoo 
this methoa@ invelves mush expensive equipment end 
atuéy in the opereiion of the equinment, it was 
not readily aveileble for use in this investiestions 
The secon! metho? has creator poasibtlities, The 
eonstructian, use, and ¢alibration of theae high 
temperature gages ere outlined in referenee D", 
fhe orecedors to be followed if thig intter methed 
were to be used woulé be to »slace the high temper~ 
ature atreain ssge om the senmple in its condition 
of high resi@éusl atraing Then vlaeé the sleece in 
a farnecs @e4 am elevete? tomperature in oréter to 
relieve the stresses in the piece as Geeoribed in 
reference "I% Sinee the sege could withstand the 
hizh tempereture involvec, a eomperison cf the 
regiatense readings of the gage before and after 
strene relief would meeeure the residual atreinge 
Thie method should be escecially eecurate eg 16 
invelves no a@fitional strain due te eutting. 
However, trace is one esstow obaGaole to the 
use of this metho@ whieh mast be oversome;s that 
is the lone baking perio? tetaling 32 hours at 


250 deareez 7 whieh ie speaifiel after placing 


aD Le 

the gages on the samle. It should be poseible 
$0 Place the sages on the sample without resorting 
to sueh high temperature taking, This drying period 
andoubtedly would contribute eonsiderable stresea 
relief. Perhaps a longer drying period at room 
temperature would suffice. if ea solution to this 
problem could be found, the measurement of residuel 
straing could be easily secomp li mede 

Turizs the course of the experiments 1% 
wag notef that erecks of varying intensities wora 
formed with epsreximately the sane length. ‘Some 
ef the vattarns formed were considereé te be ereginge 
However, other inveatigetors identified there pate 
terns es etrain inéications es lilustrated in refer- 
ences "A" an@ "RB", Tne patterne show in the pictures 
taken of some of the pletes in the authors’ experi- 
mente ere not of this character, The authors feel 
that there should be some Gistinetion made between 
the atrong patterns and the weak ones, As they were 
unable to get eny setisfactory results @ue to the 
Gifficulties in measuring the resifueal straina with 
the Gk4a strain cases, it wee impossible to make the 
proper comparison. 

The authors feel thet mare werk is warranted 
on thie topie because she Drittle lacguer metnodA of 


stress analysie isa a simple, yet effective, syatems 


«28 < 
If it ean be proven that the brittle laequer method 
ia valuable in mespuring quantitatively the resitual 
straing in metel, & very worthwhile toel will be open 


for use by the siress analyzer. 
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